The genus Speonemadus Jeannel, 1922 currently includes 12 species distributed in the Western Mediterranean (Iberian Peninsula, North Africa, Sicily and continental Italy). Two new species are described from Morocco, S. brusteli sp. n. from the Rif and S. comasi sp. n. from the High Atlas, the first in the S. vandalitiae-group of species and the second with an isolated position within the genus. Two species are also resurrected from synonymy, S. pulchellus (Reitter, 1885) stat. rest. (former synonym of S. orchesioides (Fairmaire, 1879)) and S. gracilis (Kraatz, 1870) stat. rest. (former synonym of S. vandalitiae (Heyden, 1870) ), raising the total number of species of the genus to 16. Lectotypes are designated for Anemadus pulchellus Reitter, 1885, and Anemadus tenuipes Peyerimhoff, 1917. A molecular phylogeny of the genus Speonemadus is presented, based on a combination of mitochondrial and nuclear genes and including seven of the currently recognised species, one of the newly described (S. brusteli sp. n.) and the two reinstated taxa. The genus is estimated to have diversified from the late Miocene (Tortonian), with successive cladogenetic events related to the isolation of landmasses between Iberia and North Africa, including the opening of the Strait of Gibraltar at the end of the Messinian. The distribution of some of the species of Speonemadus remains still uncertain, due to their frequent misidentification and the problems with their taxonomic status.
Introduction
The genus Speonemadus Jeannel, 1922 belongs to Anemadini, one of the most diverse tribes of subfamily Cholevinae, which is with ca. 1,900 species the most diverse subfamily of the staphylinoid family Leiodidae (Perreau 2000) . Anemadini are currently divided into several subtribes, with an almost cosmopolitan distribution through the Holarctic, Neotropical, Oriental and Australian regions (Perreau 2000) . The phylogeny of Anemadini has been rarely addressed with a comprehensive sampling, with usually only some of their genera being included in morphological or molecular phylogenies Fresneda et al. 2011) , the most comprehensive being the recent morphological phylogeny of Antunes-Carvalho et al. (in press) . While the monophyly of the tribe is not well established, that of some of the subtribes, such as Anemadina, is generally accepted (Antunes-Carvalho et al. in press). Anemadina includes two small genera in the Eastern Palearctic and Oriental regions, Anemadiola Szymczakowski, 1963 (four species) and the monotypic Cholevodes Portevin, 1928, plus two more diverse Palaearctic genera, Anemadus Reitter, 1885 (33 species) and Speonemadus (12 species) (Perreau 2000 (Perreau , 2004 Reboleira et al. 2017) . Jeannel (1922) established Speonemadus for a group of five Iberian species of Anemadus with a particularly slender body shape and modifications of the male protibiae, as well as other secondary sexual characters.
Subsequently, erected a second genus, Hormosacus, for some species of Anemadus with two series of denticles into the endophallus. synonymised Hormosacus with Speonemadus, dividing its members in four species groups: (1) the S. vandalitiae-group (three species in Iberia, Sicily and North Africa); (2) the S. clathratus-group (three species in Iberia and North Africa); (3) the S. transversostriatus-group, with a single Iberian species; (4) the three species originally included in Speonemadus by Jeannel (1922) forming the S. escalerai-group (Table 1 ). The genus Speonemadus was then defined by the presence of two series of sclerified denticles in the endophallus-in some species with a median denticle in ventral position-and the male protibia simple or with a carina. Subsequently to the revision of an additional Iberian species of the S. escalerai-group was described by Reboleira et al. (2017) from Portugal. The authors also rehabilitated one Iberian species in the same group, S. breuili (Jeannel, 1922) , considered to be a synonym of S. angusticollis (Kraatz, 1870) by . The genus thus currently includes 12 species (Perreau 2004; Reboleira et al. 2017) (Table 1) , and almost as many synonyms (Perreau 2004) , most of them established by .
In this work we describe two new species of Speonemadus from Morocco, and present the first comprehensive molecular phylogeny of the genus including seven of the 12 known species plus one of the newly described ones. For the completion of our study we examined the types of several species of Speonemadus to clarify their identity. Molecular and morphological data led us to reinstate two species as valid currently under synonymy. The number of species of Speonemadus is thus raised to 16, of which we obtained molecular data of ten. We also designate lectotypes for Anemadus pulchellus Reitter, 1885 and Anemadus tenuipes to fix their identity and support the stability of the nomenclature. and Reboleira et al. (2017) , and their phylogenetic placement (see Fig. 44 ). With question marks, species with no molecular data, which phylogenetic placement is hypothesised based on morphological similarities.
Material and methods
Specimen sampling and morphological study. Specimens used in the study were collected by hand or by means of pitfall traps containing water saturated in salt or propylene glycol, known to preserve DNA (Rubink et al. 2003; López & Oromí 2010) (Table 2) . After collection, specimens were transferred into vials containing either 70% (for morphological studies) or 96% ethanol (for DNA extraction and sequencing). Afterwards all specimens were mounted on cards for subsequent study. We dissected their genitalia and either mounted them directly in watersoluble dimethyl hydantoin formaldehyde resin (DMHF) on a transparent card or treated them with a 10% aqueous solution of KOH for six hours. After this treatment genitalia were dehydrated in a series of baths of increased ethanol concentration (60%-96%) for ca. 15', and finally let in xylene for ca. 12 hours. Genitalia were then mounted in Canada balsam on a transparent acetate card, and the card pinned together with the specimen. Photographs of the habitus or other external structures were made with an Olympus SZX16 stereomicroscope (Olympus, Tokyo, Japan); photographs of the aedeagi were made with an Olympus CH transmission microscope. For both we used an Olympus C5060WZ digital camera to obtain serial photographs, which were subsequently stacked with CombineZP (Informer Technologies Inc., Dominica) and processed with Adobe Photoshop CS (Adobe, San José, California). Body lengths were measured between the anterior margin of the labrum and the apex of the elytra.
DNA extraction and sequencing. For DNA extraction and sequencing we used the procedure described in e.g. Ribera et al. (2010) , Faille et al. (2010a, b) or Fresneda et al. (2011) . Extractions of single specimens were non-destructive, using the DNeasy Tissue Kit (Qiagen GmbH, Hilden, Germany). Vouchers and DNA samples are kept in the collections of the Staatlichen Museum für Naturkunde Stuttgart (SMNS), the Institut de Biologia Evolutiva (IBE), the Muséum National d'Histoire Naturelle (MNHN) and the authors's collections.
We amplified fragments of four mitochondrial and two nuclear genes in six PCR reactions. Mitochondrial genes were 5' and 3' ends of cytochrome c oxidase subunit (cox1-5 and cox1-3 respectively); a single fragment including the 3' end of the large ribosomal unit (rrnL), the whole tRNA-Leu gene (trnL) and the 5' end of the NADH dehydrogenase 1 (nad1); an internal fragment of the cytochrome b gene (cob). The nuclear genes were internal fragments of the large and small ribosomal units (LSU and SSU respectively) (see Table 3 for details on the primers used). Sequences were assembled and edited using Sequencher TM 4.8 (Gene Codes, Inc., Ann Arbor, Michigan). New sequences (a total of 44) have been deposited in the European Molecular Biology Laboratory (EMBL) database with Accession Numbers LS999457-LS999500 (Table 2) .
Phylogenetic analyses. We included in the analyses seven of the 12 described species of Speonemadus (Perreau 2004; Reboleira et al. 2017) , plus one of the two new species described here and specimens of S. gracilis (Kraatz, 1870) and S. pulchellus (Reitter, 1885) , currently considered synonyms of S. vandalitiae (Heyden, 1870) and S. orchesioides (Fairmaire, 1879) respectively (Tables 1, 2 ). Missing species are: (1) S. escalerai (Uhagón, 1898) (Spain), closely related to S. bolivari (Jeannel, 1922 ) (see Reboleira et al. 2017) ; (2) S. subcostatus (Reiche, 1864) (Sicily, Algeria and Tunisia), closely related to S. maroccanus ; (3) S. algarvensis Reboleira, Fresneda & Salgado, 2017 (Portugal) , closely related to S. angusticollis (see Reboleira et al. 2017) ; (4) S. transversostriatus (Murray, 1856), placed in its own species group by ; (5) S. orchesioides (known with certainty from Algeria, see below), closely related to S. brusteli sp. n.; (6) the newly described S. comasi sp. n. As outgroups, and to root the tree, we used a species of Anemadus (A. hajeki Růžička & Perreau, 2017) , found to be the sister genus of Speonemadus both based on morphological and molecular characters Fresneda et al. 2011; Antunes-Carvalho et al. in press) .
We aligned the sequences using the MAFFT online v.6 and the Q-INS-i algorithm (Katoh & Toh 2008) . We analysed the sequence matrix with Maximum Likelihood as implemented in the on-line version of RAxML (Stamatakis et al. 2008) , using GTR+G as the evolutionary model and three partitions corresponding to the mitochondrial protein coding genes (cox1+cob+nad1), mitochondrial ribosomal (rrnL+trnL) and nuclear ribosomal (SSU and LSU). We also estimated a time calibrated tree with Bayesian probabilities in BEAST v.1.8 (Drummond & Rambaut 2007) , using the same partitions and evolutionary models as in RAxML and a Yule speciation process as the tree prior. Preliminary analyses with the GTR+G models showed poor convergence due to the lack of data for some parameters, so we used a simpler HKY+G model for all partitions. Analyses were run for 100 MY generations, ensuring that the number of generations after convergence were sufficient as assessed with Tracer v1.6 (Drummond & Rambaut 2007) and after removal of the burn-in fraction. To obtain an absolute calibration we used the rates estimated in Cieslak et al. (2014) for the same subfamily (Cholevinae) and the same gene combination based on the tectonic separation of the Sardinian plate. We set uncorrelated relaxed clocks for all three partitions, with priors for evolutionary rates a normal distribution with average 0.015 substitutions/site/Myr for the mitochondrial protein genes, 0.006 for the mitochondrial ribosomal genes, and 0.004 for the nuclear ribosomal genes, all with a standard deviation of 0.001 Myr. 15 exs, same labels as holotype, except "PARATYPUS" instead of "HOLOTYPUS" (CAF, CFL, CHB, CHF; IBE). Two paratypes were used for DNA extraction and sequencing, with voucher numbers IBE-AN489 and IBE-AN523 respectively. Extracted specimens and DNA aliquots deposited in the IBE.
Description of the holotype: Habitus as in Fig. 1 . Body length 2.3 mm. Body shape elongate; colouration of body reddish-brownish, somewhat depigmented. Head. Eyes well developed; surface with dense punctation; suture between epistome and frons visible; antennomeres VII-XI forming a lose club, antennomeres VIII-X clearly transverse. Pronotum transverse (maximum width 0.9 mm; maximum length 0.6 mm); sides more arcuate posteriad; base straight, slightly wider than base of elytra; surface with dense, rough punctation. Elytra. Elongate, broadening posteriad in first third of length, then regularly tapering towards apex; with parasutural striae. Transverse striola on elytra broad and widely spaced. Legs. All tarsi pentamerous; protibiae simple; pro-and mesotibia slightly dilated; first three protarsomeres and first two mesotarsomeres dilated. Male genitalia (Fig. 6 ). Aedeagus slightly curved towards ventral side; basal lamina of median lobe longer than apical part; parameres much longer than median lobe, with straight basal part, but apical third bent inwards with strong angle; apical third broader in middle region, tapering towards apex, here provided with a triangular expansion on external side; apex of parameres with three setae, without conical spine (Fig. 14) . Median lobe in dorsal view with broad, short apex. Endophallus with two series of sclerotised denticles, not joined in apical part, forming an apical dent.
Females similar to males except for pro-and mesotibiae, which are thinner; pro-and mesotarsi not dilated. Etymology. The species is dedicated to our friend and colleague Hervé Brustel, from l'Ecole d'Ingénieurs de PURPAN (France, Toulouse). The species name is a noun in the genitive case.
Remarks. According to the morphology and in particular to the aedeagus, Speonemadus brusteli sp. n. is included in the S. vandalitiae-group of , near S. orchesioides. This group is characterised by: transverse pronotum, with dense to rugose punctation; transverse striola on the elytra either fine and dense or thick and sparse; protibiae simple; sutural angle of elytra rounded in both sexes; parameres much longer than median lobe, with 3-5 apical setae and without conical spine (Figs 13, (15) (16) (17) (18) ; endophallus with two series of sclerotised denticles, without apical indentation. The species of the group are externally very homogeneous, and can only be separated by the study of the aedeagus . The general structure of the aedeagus is similar to that of S. orchesioides (Fig. 5) . However, the dilated apex of the parameres with a triangular expansion on the external side clearly separates S. brusteli sp. n. from this species, which has simple parameres ( Fig. 13) . The expansion on the apex of the median lobe is also regularly arched in S. brusteli sp. n. (Fig. 6 ), but roughly pentagonal in S. orchesioides (Fig. 5 ). Molecular data place S. brusteli sp. n. as sister to S. maroccanus, with a considerably different aedeagus and included in the clathratus-group sensu .
Distribution (Fig. 38) . So far only known from the type locality in the Rif chain, Morocco.
Speonemadus comasi sp. n.
Figs 2, 3, 12, 27
Type locality: Morocco, Tagelft, Iri Adar Nyighil, 32°10'N 5°57'W, 2250 m (Fig. 45) . Description of the holotype: Habitus as in Fig. 2 . Body length 3.6 mm. Body shape elongate, colour brownreddish, darker on head and pronotal disk. Head with eyes well developed, with visible suture between epistome and frons; surface with coarse, dense punctation; antennomeres VII-XI forming a loose club, antennomere X as long as wide. Pronotum transverse (maximum width 1.3 mm; maximum length 0.8 mm), sides strongly arched, still more strongly posteriorly; base of pronotum sinuate, as wide as base of elytra; surface with coarse, dense and rough punctation. Elytra very elongate, wider in basal third, regularly tapered towards apex; with parasutural stria; surface with fine and sparse transverse striolae. Legs with pentamerous tarsi; protibiae sinuate, more strongly on inner side (Fig. 3) ; mesotibiae less sinuate, more regularly curved; first three tarsomeres of protarsi and first two tarsomeres of mesotarsi dilated. Male genitalia (Fig. 12) . Basal lamina of aedeagus as long as apical part; parameres about as long as median lobe; median lobe in dorsal view with sides slightly sinuate, regularly tapering towards apex; apex with small, rounded extension; basal 2/3 of parameres straight, apical third with external side strongly dilated, narrowing towards apex; apex with triangular expansion on external side, with four fine setae and without conical spine (Fig. 27) ; endophallus entirely covered with scales and spines, with two dark parallel longitudinal bands scarcely noticeable. Females unknown. Etymology. The species is dedicated to our friend and colleague Jordi Comas (Spain, Barcelona), one of the collectors of the only known specimen of this most interesting species. The specific name is a substantive in the genitive case.
Remarks. Speonemadus comasi sp. n. is a peculiar species, with characters similar to both Speonemadus and Anemadus. The general slender habitus and the modified protibiae are similar to the species of the escalerai-group (e.g. S. angusticollis, Fig. 4) , and the shape of the parameres with their triangular apical expansion is similar to that of S. brusteli sp. n. of the vandalitiae-group. However, the endophallus is similar to that of the species of Anemadus, without well defined groups of spines, such as those to the loebli-group (e.g. A. loebli Giachino & Vailati, 1993, from Turkey) or the strigosus-group (e.g. A. strigosus (Kraatz, 1852) from Czech Republic, Austria, Italy, Romania, Croatia, Bosnia-Herzegovina, Montenegro and Greece, A. bianchii Reitter, 1906 from Italy or A.
arcadius Reitter, 1885 from Greece). In addition to the morphological characters, the distribution of the species supports its inclusion in Speonemadus, as species of Anemadus are found from Italy (including Sicily) and southern France to the East, reaching China (Perreau 2004) . In fact, this is one of the westernmost species of Speonemadus, with other species of the genus distributed further east except for some dubious records of S. tenuipes in the High Atlas (see below).
Distribution (Fig. 38) . So far only known from the type locality in Morocco.
FIGURES 5-6. Aedeagi in ventral view of: (5) Speonemadus. orchesioides (Ammi-Moussa, Algeria); (6) holotype of S. brusteli sp. n. (Talembote, Morocco).
FIGURES 7-9. Aedeagi in ventral view of: (7) S. gracilis (Hornos, Spain); (8) Lectotype of S. tenuipes (Zaccar, Algeria); (9) S. tenuipes (Djurdjura, Algeria).
FIGURES 10-11. Aedeagi in ventral view of: (10) S. vandalitiae (Villanúa, Spain); (11) S. pulchellus (Ficuzza, Sicily) .
Speonemadus gracilis (Kraatz, 1870) Kraatz] , "(Anemadus), Hormosacus, vandalitiae Heyd., det K. Sokolowski" [first and last line printed, second and third line hw Sokolowski], "Coll. Kraatz", "DEI Eberswalde", "Lectotypus ♂, Choleva gracilis Kraatz, P. M. Giachino & D. Vailati des. 1992" [red label, printed] (SDEI). Aedeagus dissected and mounted on the same card. Originally only the median lobe of the lectotype was dissected and glued on the card behind the specimen. A detailed observation revealed that a large part of the abdomen was detached from the body, so that most likely the median lobe was extracted through the anterior opening of the abdomen, leaving the parameres inside the apex. The inspection of the apex of the abdomen revealed that effectively the parameres were still in place, so they were dissected and mounted separately. Remarks. Since Reitter (1885: 60) the species was considered to be a synonym of S. vandalitiae, but, in addition to the differences revealed by the molecular data (see below), there are also some clear morphological differences based on the study of the lectotype of S. vandalitiae: (1) in S. gracilis the external side of the protibiae has no nodules and the setae are inserted directly on the tegument; in S. vandalitiae the external side of the protibiae has a series of minute nodules with setae inserted on them; (2) in S. gracilis the antennomeres VIII-XI are longer than wide, while in S. vandalitiae they are transverse, almost as wide as long; (3) in S. gracilis the apex of the parameres is more pointed than in S. vandalitiae (compare Figs 15, 17) . In both species the parameres are slender and much longer than the median lobe (compare Figs 7, 10) . In S. gracilis the apex of the median lobe is also more elongate, with subparallel margins, while in S. vandalitiae it is shorter and with obtuse margins. Molecular data place S. gracilis as sister to S. tenuipes and not to S. vandalitiae. Distribution ( Fig. 39; Appendix) . Iberian endemic. The only published data under the name S. gracilis was the type locality (near Córdoba) in the original description (Kraatz 1870) . All subsequent records were published under S. vandalitiae (e.g. Ribera 1970; Pérez & Tinaut 2005; Pérez & Pérez 2006; Fresneda et al. 2007; Sáez & Blanco 2010; Seabra 1943; Coiffait 1954; Ribera 1970; Blas , 1981a Blas , 1981b Blas , 1984 Blas , 1985 Blas , 1992 Salgado 1985 Salgado , 1996 Tizado et al. 1995; Salgado & Fernández 1998; (Fig. 33) .
Diagnosis. The species is characterised by: parameres simple, apex acute, only slightly turned outwards (Fig.  13) ; apex of median lobe roughly pentagonal (Fig. 5) . The most similar species seems to be S. brusteli sp. n. (see the description of this species above).
Remarks. The type series of S. orchesioides is divided between the SDEI (lectotype) and the MNHN (four paralectotypes). All five specimens are females, so males of the species had to be identified from non-typical material. We consider that the male specimen figured by from Ammi-Moussa (a locality ca. 80 km east of Daya, the type locality) belongs to this species. This specimen and a microscopic slide with its dissected aedeagus are deposited in the general collection of the MNHN; the slide is labelled with Jeannel's manuscript handwritting "Hormosacus / tenuipes Peyer. / orchesioides Frm. / Ammi-moussa", "org. cop. [= organe copulateur] ♂". The same preparation has the aedeagus of a specimen of S. tenuipes from the same locality. Note: A specimen figured by as S. orchesioides is from Djebel Babor, some 600 km east of Daya, a considerable distance from the type locality, and representing a different species (S. pulchellus, see below).
Distribution ( Fig. 38 ; Appendix). Algeria (Tell Atlas) (Fairmaire 1879; Reitter 1885; Perreau 2000 Perreau , 2004 Salgado et al. 2008) . The records from the Iberian Peninsula, Fuente (1925) and Seabra (1943) for Portugal, and for Spain, are unreliable; it seems likely that they should be referred to S. gracilis (see Discussion below). According to , the record of S. orchesioides from continental Italy by ("Abruzzes: Gran Sasso, une femelle (Schatzmayr!)") is doubtful. However, this record was confirmed by newly obtained material from different provinces in continental Italy by Fabbri & Zoia (1996) and Giachino & Vailati (2000 , as well as specimens in the SMNS (see Appdenxi), still identified as S. orchesioides. These records likely correspond to S. pulchellus (P.M. Giachino, personal communication 2018; see below under S. pulchellus). The same happens with all the records from the Aurès mountains in Algeria and Tunisia ) and the Eastern half of Algeria . The records from the Moroccan Rif ) may correspond to S. brusteli sp. n., but the identity of those from the Middle Atlas, also in Morocco , is unknown. Speonemadus pulchellus (Reitter, 1885) in MNHN) .
Diagnosis. Length 2.8-2.9 mm; elytra regularly narrowing towards apex; external face of protibiae without tubercles, with setae directly inserted in tegument; antennomeres VIII-XI longer than wide; parameres very robust, slightly longer than apex of median lobe, with rounded apex (Fig. 18) ; apex of median lobe regularly arched (Fig.  11) . Molecular data place S. pulchellus as sister species of S. vandalitiae.
Remarks. Speonemadus pulchellus was considered to be a subspecies of S. orchesioides by Jeannel (1936: 214) , and a synonym by . All the studied and figured specimens of Speonemadus from Sicily (see Appendix) share a more or less similar aedeagus, which is also similar to that of the specimen from Djebel Babor figured by as S. orchesioides, and that we consider to belong to S. pulchellus. There are some small differences in the apex of the aedeagus of the specimens from Ficuzza (Appendix), which are slightly more rounded than those of the lectotype. We consider these differences as intraspecific variation, although the study of additional material may prove the existence of consistent variation deserving taxonomic recognition. In any case, the aedeagi of the material considered under the name S. pulchellus are clearly different to that of the male identified as S. orchesioides by us (from Ammi-Moussa, see above) (Figs 5, 13 and 11, 18 respectively Diagnosis. Length 2.8-2.9 mm; elytra strongly narrowing towards apex; external face of protibia granulated, with setae inserted in small tubercles; antennomeres VIII-XI longer than wide; parameres wide, robust and sinuated, with notch at external margin and acuminate apex (Fig. 16) ; apex of median lobe simple, regularly rounded, without expansion (Fig. 8) . Molecular data show that S. tenuipes is the sister species of S. gracilis. The aedeagi of the two species have a similar structure (Figs 7, 8) , although the apex of the median lobe of S. gracilis has an elongated expansion and the parameres are more slender, with the distal part straight. Remarks. There is some morphological variability among the specimens forming the type series of S. tenuipes. The aedeagus of one specimen from "crête du Djurdjura" (MNHN, coll. Peyerimhoff, labelled as "type" by the hand of Peyerimhoff), even if corresponding to the general morphology of the lectotype (Fig. 9) , has distinctly less sinuate parameres, the notch on the external side of the parameres is less marked (only clearly visible in the left paramere), the apical section of the paramere is shorter than that of the lectotype from Zaccar, the apex of the median lobe of the aedeagus is more rounded, almost truncated. Other studied specimens from Ifri Semedane, Ammi-Moussa, Mouzaia (a possible but dubious syntype from the general collection of the MNHN, not considered here as part of the type series), plus those from the Akfadou and Gerrouch forests (Giachino & Vailati 1993: figs 320, 321) , have an aedeagus identical to that of the lectotype. Being found in a single specimen we have considered these differences to be intraspecific variation, but future studies may demonstrate that the Ifri Semedane population represent a separate species.
Distribution ( Fig. 38 ; Appendix). Found in the Tell Atlas, from the wilayah [= province] of Jijel in the northeast of Algeria, close to Oran in the west Szymczakowski 1970; . It has also been recorded from the Middle and High Atlas in Morocco , although the identity of these specimens is doubtful. Type locality. "Sierra della Nieve prope Ronda Andalusiae" (Heyden 1870), Spain. Diagnosis. Apex of median lobe acuminated (Fig. 10) ; parameres very long, forming a marked angle, with apex round and expansion on inner side (Fig. 17 ) (see other characters under S. gracilis, see above). Molecular data place S. vandalitiae as sister species of S. pulchellus; although both species belong to the vandalitiae-group sensu , their aedeagi are considerably different (compare Figs 10 and 11) , with much shorter and robust parameres relative to the length of the median lobe in S. pulchellus. Distribution ( Fig. 39; Appendix) . Iberian Peninsula, extending to the French Pyrenees Perreau 2000 Perreau , 2004 Salgado et al. 2008; Agirre & Blas 2009; . In Spain there are records from Albacete, Ciudad Real, Granada, Huesca and Madrid , Málaga (Heyden 1870; , Murcia ), Tarragona and Toledo; and in France from Basses-Pyrénées . However, some of these records may refer to S. gracilis, which has been considered to be a synonym of S. vandalitiae since Reitter (1885) (see section 3.3. above).
FIGURE 38. Distribution maps of: (38) Speonemadus brusteli sp. n., S. comasi sp. n., S. orchesioides, S. pulchellus, S. tenuipes (empty circles are dubious records of which no material could be studied; the records from continental Italy, given originally as S. orchesoides, are considered S. pulchellus, P.M. Giachino, personal communication 2018; see main text). See Appendix for detailed locality data.
Molecular phylogeny of Speonemadus
The trees obtained with RAxML and BEAST had identical topologies, with very good support (boostrap support values, bs > 70% and Bayesian posterior probabilities, pp > 0.95) for almost all nodes (Fig. 44) . Only the internal relationships of the clade formed by S. angusticollis, S. bolivari and S. breuili were poorly supported in both analyses, but these are closely related species estimated to be of Late Pleistocene origin.
The crown age of Speonemadus was estimated to be of Tortonian origin (11-10 Ma, Fig. 42) , with a first split between two clades (clade A and B in Fig. 44 ) each of them including species from the Iberian Peninsula and North Africa. Clade B had a subsequent split during the Messinian giving rise again to lineages with both Iberian and North African species (clades B1 and B2, Fig. 44) . However, the next three cladogenetic processes were estimated to have happened around the end of the Messinian salinity crisis, and having separated lineages occurring exclusively on the Iberian Peninsula from lineages occurring exclusively in North Africa, with the only exception of S. maroccanus which is recorded from both sides of the Strait of Gibraltar (Coiffait 1954; Fresneda et al. 2007; Fig. 43) . Speonemadus orchesioides has also been recorded from the Iberian Peninsula and North Africa, but most likely the Iberian records of S. orchesioides correspond to other species of the genus (see above), as this species seems to be restricted to the mountains east of the river Moulouya. Thus, clade A was divided into: (1) clade A1, including S. clathratus (Perris, 1864) and the sampled species of the S. escalerai-group of (S. breuili, S. angusticollis and S. bolivari), all of them exclusively Iberian ; (2) clade A2, including S. brusteli sp. n. and S. maroccanus, both occurring in Morocco but the latter also in the extreme south Spain (Coiffait 1954; Fresneda et al. 2007; (Fig. 44) .
Clade B1 was divided into the Iberian S. gracilis and S. tenuipes, found in Algeria and Morocco. Clade B2 was divided into S. vandalitiae from the Iberian Peninsula (including the French Pyrenees) and S. pulchellus, present in North Africa and Sicily as S. orchesioides, see above).
Discussion
Of the two newly described species of Speonemadus, S. brusteli sp. n. is clearly related to the species of the S. vandalitiae-group, both according to the morphological and molecular data. The affinities of S. comasi sp. n. are, however, more uncertain, as there are no molecular data available, and the morphological affinities are also unclear. According to some morphological characters it seems possible that it represents an intermediate grade between Anemadus and Speonemadus. As noted in the Introduction, Jeannel (1922) established Speonemadus for a group of species of Anemadus with a well-defined morphology and distribution (Iberian Peninsula and North Africa), in contrast with the more variable and widely distributed remaining species of Anemadus. This suggests the possibility that Speonemadus is a derived clade within Anemadus, with S. comasi sp. n. as sister to the rest of the species of Speonemadus and providing a link to Anemadus. However, there is also the possibility that the similarities of the endophallus are a plesiomorphic character of the clade Speonemadus + Anemadus, which may be the sister taxa of S. comasi sp. n. included in Speonemadus. It would clearly be desirable to have fresh material of S. comasi sp. n. to obtain molecular data, but this appears as an unlikely possibility in the near future. Iri Adar Nyighil was a small cavity on soil (Fig. 45) , next to an unpaved road between Tagelft and Anergui (Morocco). The specimen was collected with the use of pitfall traps placed inside the cavity during a period of 48 hours. In a subsequent visit in 2012 the cavity had been destroyed due to the extension of the road (F. Fadrique, personal communication 2017) . Iri Adar Nyighil was certainly not the only place where the species lived, but the capture of more specimens may require extensive deep pitfall sampling in the area, something not easily achievable.
The identity and relationships of the other species of the genus Speonemadus seems to be relatively well established, mostly based on the male genitalia and the molecular data presented here. There remain, however, some uncertainties in the distribution of some of the species, partly derived from the taxonomic confusion previous to the revision of . Blas (1984) did not recognise differences between the aedeagi of S. vandalitiae, S. orchesioides and S. tenuipes, synonymising them under S. vandalitiae and by this preventing the correct identification of some Iberian records. The identity of S. orchesioides was further obscured by the differences between the aedeagi figured by Jeannel (1936: figs 425-426) , more similar to the Iberian S. gracilis (Fig. 7) , and those in Giachino & Vailati (1993: figs 308, 315-317) . recorded S. orchesioides from Ifri Semedane, and subsequently also recorded this species from the same locality from specimens in Dodero's collection. However, here we found that the specimens we could study from Ifri Semedane (voucher IBE-AN671) corresponded to S. tenuipes, with an aedeagus similar to that of the lectotype here designated (Fig. 8) .
Both the type locality of S. orchesioides (Daya) and the paralectotypes of S. tenuipes (massifs du Zaccar) are in the Tell Atlas, so it is likely that other records of both species within the same mountain massif are accurate. However, the records from the Aurès mountains and from Sicily should likely be referred to S. pulchellus. Similarly, among all the studied Iberian Speonemadus we have never seen any true S. orchesioides, and we have doubts about the presence of this species in the Iberian Peninsula. It seems likely that the Iberian records of S. orchesioides should be referred to S. gracilis, which until now was considered a synonym of S. vandalitiae. The records of S. tenuipes and S. orchesioides from the Moroccan High and Middle Atlas are also dubious. The description of two new species west of the Moulouya valley (S. brusteli sp. n. and S. comasi sp. n.) opens the possibility that previous records from the area may actually refer to any of them. For S. tenuipes there is a gap of ca. 700 km between the closest localities in Morocco (Middle Atlas) and Algeria (Zaccar and Mouzaïa mountains), both separated by the arid valley of the Moulouya river. It seems plausible to hypothesise that S. tenuipes may be distributed through the forest areas east of the Moulouya (the Tell Atlas), while S. brusteli sp. n. may occupy the mountains west of the river (Rif, High and Middle Atlas). The Oued Moulouya and its basin suffered strong environmental fluctuations, including marine transgressions, during the Pliocene, and are a well-documented biogeographic barrier for different groups of North African organisms, especially amphibians and reptiles (Arano et al. 1998; Zangari et al. 2006; Recuero et al. 2007; Paulo et al. 2008; Beukema et al. 2010; Velo-Antón et al. 2012) . Among the species of Speonemadus there is a second case of vicariance at both sides of the Moulouya river: S. subcostatus is found in the Tellian Atlas of Algeria, while its likely sister species, S. maroccanus (extremely close morphologically, even in the aedeagus), is found in the Rif and the Iberian Betic mountains .
FIGURE 44. Majority rule consensus tree obtained with BEAST, with the reconstructed phylogeny of Speonemadus. Numbers in nodes: above the branch, posterior probability / maximum likelihood bootstrap; below, estimated age (Ma). Blue bars in nodes, 95% confidence interval of the estimated age.
Phylogeny of Speonemadus
After the description of the two new species and the reinstatement of S. gracilis and S. pulchellus, the genus Speonemadus adds to 16 species, of which our molecular phylogeny includes ten (Tables 1, 2) . Other than the newly described S. comasi sp. n., S. transversostriatus is a missing species with an uncertain phylogenetic position, the only member of its species group sensu . These authors did not include S. transversostriatus in the escalerai-group due to some differences in the sexual dimorphism of males: they have simple protibiae, without the characteristic keel of the species of the escalerai-group (Reboleira et al. 2017) . However, all other characters agree with the typical morphology of the escalerai-group: elytral sculpture of "type c", median lobe of the aedeagus bottle-shaped, parameres of the aedeagus only shortly longer than the median lobe , and females with elytral apex more acute than males (strongly acute and with a cleavage in the females of the escalerai-group, Blas 1984). It seems thus likely that S. transversostriatus is either sister or within the clade formed by the species of the S. escalerai-group. The other four missing species (S. escalerai, S. algarvensis, S. orchesioides and S. subcostatus) are morphologically very close to some species included in the phylogeny, as already noted.
Of the species groups defined in , we recovered as monophyletic the studied species of the escalerai-and vandalitiae-groups. However, according to the characters used to define the vandalitiae-group the newly described S. brusteli sp. n. should have been included in it, but we recovered it as sister to S. maroccanus, which belongs to the clathratus-group. Some of the characters used to define species groups were reconstructed as having been independently gained in different species. The thick and blunt setae (the "spine") on the ventral side of the apex of the parameres (Figs 19-26) is a derived state of clade A, present in S. maroccanus (Fig. 26) , in the species of the S. escalerai-group (Figs 19-23 ) including S. transversostriatus (Fig. 24) and in S. clathratus (Fig. 25) . According to our reconstruction the "spine" was secondarily lost in S. brusteli sp. n. and its likely sister S. orchesioides, and it is primarily absent in clade B and in Anemadus (Fig. 28) .
The shortening of the parameres from the apparent plesiomorphic condition of being much longer than the median lobe has occurred independently in S. maroccanus and the S. escalerai and S. clathratus-groups. Other characters used by , such as the presence of more or less developed striae on the elytral disc, are difficult to define precisely. Despite their usefulness in identifying the species of the genus, our results suggest that the species groups defined within Speonemadus are in need of revision.
Biogeography of Speonemadus
The estimated phylogeny of Speonemadus and the current distribution of the species are in agreement with the palaeogeography of the Betic-Rifean area during the Miocene (Figs 40-43 ), as happens with other subterranean groups in the area (e.g. the ground beetle Trechus fulvus-group, Faille et al. 2014) . The geographic origin of the genus Speonemadus cannot be unambiguously reconstructed, but considering the distribution of the presumed sister genus Anemadus (Palaearctic, mostly from Italy to the eastern Mediterranean and with species until Japan; see Perreau 2000) , the origin is likely the western Palaearctic. Most Mediterranean islands are populated by species of Anemadus (Corsica, Sardinia, Cyprus and some Greek Islands), which may have a late Messinian origin although there is no available phylogenetic data for the species.
We estimated a crown age of Speonemadus of ca. 10-11 Ma, with a split from the sampled Anemadus at ca. 15 Ma (Figs 40-41) . This excludes the possibility of a colonisation of North Africa from Europe through the tectonic rafting of the Kabylian plates, which started to drift from the Iberian Peninsula at ca. 33 Ma, keeping some contact with the plates of the Balearic and Alboran islands until 26 Ma (Rosenbaum et al. 2002; Schettino & Turco 2006) . Assuming a northern Mediterranean (i.e. European) origin of the genus, the separation between the ancestor of Speonemadus and Anemadus could have been mediated by the isolating effect of the Pyrenean chain (which was already formed by the late Oligocene, at ca. 23 Ma, ISC 2017) or, more likely, by the opening of the RhoneProvençal basin (the "Basin miocène rhodano-provençal", BMRP, of Besson 2005) . The BMRP bordered the north side of the Alps from Marseille to Vienna (Meulenkamp & Sissingh 2003; Besson 2005) , with the stronger fluvial erosion dating from the Burdigalian (Fig. 40) , and a marine transgression inundating the region from the Langhian (Fig. 41) . This is in agreement with the hypotheseis of of a separation between Anemadus and Speonemadus during the late Miocene at both sides of the BMRP.
The first cladogenesis separating the two basal clades of Speonemadus (A and B) was estimated to have occurred in the Tortonian (ca. 10.5 Ma) (Fig. 42) . Subsequently, in the early Messinian (ca. 6.5 Ma), a further split separated clades B1 and B2 (Fig. 43) . Each of these three clades has species both on the Iberian Peninsula and in North Africa. During the Tortonian and early Messinian the isolation of the highly dynamic Betic microplates has been hypothesised to have promoted the diversification of some groups (e.g. Hydrochidae water beetles, Hidalgo-Galiana & Ribera 2011, or Mesocarabus and Trechus ground beetles, Andújar et al. 2012 and Faille et al. 2014, respectively) ; this could also have been the case in Speonemadus, with the isolation of three lineages (A, B1 and B2) either in Iberia, North Africa or some of the Betic-Rifean plates. During the salinity crisis of the late Messinian all these areas became united, likely allowing the expansion of the species through the Strait of Gibraltar. The reopening of the Gibraltar strait at the end of the Messinian salinity crisis 5.33 Ma (García-Castellanos et al. 2009 ) isolated the Iberian from the North African populations of these three widespread ancestral Speonemadus, resulting in an almost simultaneous split into three clades: (1) clade A, the Iberian S. clathratus and the species of the S. escalerai-group vs. the North African S. brusteli sp. n. and S. maroccanus (plus most likely S. orchesioides and S. subcostatus); (2) clade B1, the Iberian S. gracilis vs. the North African S. tenuipes; (3) clade B2, the Iberian S. vandalitiae vs. the North African S. pulchellus.
This scenario would require the colonisation of south Iberia by S. maroccanus during the Pleistocene, and of Sicily-and possible continental Italy-during the Plio-Pleistocene. There is no information on the timing of these colonisations, they may have been related to the climatic fluctuations during the Pliocene, with first a temperature and precipitation higher than at present (Dowsett et al. 1999; Haywood et al. 2000) and then the establishment of the Mediterranean climate at ca. 3.2 Ma (Suc 1984) , or they may have been facilitated by the descent of the sea level during the Pleistocene glaciations.
Within the Iberian Peninsula, in the late Pliocene S. clathratus may have been isolated from the ancestor of the S. escalerai-group by the Gualdalquivir valley, either due to the onset of the Mediterranean climate or by the marine transgressions and inland seas that inundated most of the valley until the Middle Pleistocene (Torres et al. 2003) . The increased seasonality and aridification, as well as the Pleistocene glaciations and the associated climatic changes, may have limited the surface movement of some species of Speonemadus, promoting the isolation of peripheral populations in the subterranean medium and giving origin to the current species of the S. escaleraigroup. 
